A new method, Auger electron spectroscopy, is applied to the study of excited states of doubly ionized molecules. The energies of Auger electrons determine directly the vertical energies of doubly ionized states, because the single Auger process leaves the molecule in a state of double ionization. We have investigated the states of N2 2+ via the K Auger spectrum of N2 • The ionization in the K shell was caused by electron impact. The K Auger electrons, analyzed by means of an electrostatic cylindrical mirror analyzer, gave direct evidence for the following states: x A" 3 2V, A 3 /7g , c 1 77g, d
A new method, Auger electron spectroscopy, is applied to the study of excited states of doubly ionized molecules. The energies of Auger electrons determine directly the vertical energies of doubly ionized states, because the single Auger process leaves the molecule in a state of double ionization. We have investigated the states of N2 2+ via the K Auger spectrum of N2 • The ionization in the K shell was caused by electron impact. The K Auger electrons, analyzed by means of an electrostatic cylindrical mirror analyzer, gave direct evidence for the following states: x A" 3 2V, A 3 /7g , c 1 77g, d
and e Their energies have been measured and are listed below. Also the energy required to ionize N2 twofold in the (og 2s) orbital has been determined to be (96.5 + 1.0) eV. Due to the instrumental half width of about 0.6 eV no vibrational structure could be detected.
There exists only little experimental information on electronic and vibrational states of doubly ionized molecules. This is due to the fact that one encounters greater difficulties when the experimental methods used so far to determine these data for neutral and singly ionized molecules are applied in the study of doubly ionized molecules. These methods are absorption and emission spectroscopy, electron impact spectroscopy photoionization 2 , and photo- 
I. Method
The electron configuration of the ground state of the N2 molecule is given by KK(og2s) 2 (ou2s) 2 (tiu 2p) 4 (ag2p) 2 ,
After the N2 molecule has been singly ionized in the K shell of one of its atoms (this will be written as (og 2s)~2: 1 2'g + .
The energy of K Auger electrons of transistion k is given by
If the binding energy £(K) is known (see Table 1 The final state f of the molecule, given by (2 a), (2 b) and (2 c), which can be arrived at by an Auger transition depends on the selection rules for the perturbation matrix element between the initial and final states. The initial state i is given by one of the following 2-hole configurations
Here ( From these selection rules it follows that Auger transitions from an initial state given by either the one or the other of the configurations of (4) to all the final states of (2 a), (2 b) and (2 c) are allowed.
The energies Ek(N2 2+ )
determined by Eq. (3) need some further explanation. For this reason the potential energy curves of the ground state of N2, the excited state of the N2 K+ molecular ion and the states of the N2 2+ molecular ion are plotted in Fig. 1 . The potential energy curves of N2 2+ have been determined by the method of HURLEY and MASLEN 8 by means of the following equation (energies are given in eV, distances in Ä) :
Eq. (5) NESBET 14 . The designation of the states of N2 2+ used in Fig. 1 and throughout this paper is exactly analogous to that used for the isoelectronic molecule C2 by FOUGERE and NESBET 14 .
14 P. F. FOUGERE and R. K. NESBET, J. Chem. Phys. 44, 285 [1966] .
In the scheme of potential curves an ionization 
80 [1969].
curves thus giving different Auger spectra. We have indeed found quite different Auger spectra in the case of CO. The results of that investigation will be given in a further publication.
II. Apparatus
The apparatus used in this investigation has been described earlier 16 . Therefore only some details which are characteristic for this investigation will be given here.
The ionization in the K shell of N2 was caused by electron impact, the beam current and energy of primary electrons were 300 juA and 6000 eV respectively. The pressure of the gaseous target N2 was about 5-10~3 Torr. The Auger electrons were analyzed by means of an electrostatic cylindrical mirror analyzer with an energy resolution of 0.16%. Sixty five K Auger spectra were recorded and added automatically with a 1024 channel multiscaler by applying a dc biased sawtooth voltage, with a repetition rate of one cycle per 16 min, to the spectrometer and storing the counts in the memory of the multiscaler synchronized with the sawtooth.
The K Auger lines of N2 were calibrated on an absolute scale with the known energies of the KLL transitions of neon 16 and L2,3MM transitions of argon 17 . For this calibration gas mixtures of N2-neon and N2-argon were used. Figure 3 shows the K Auger spectrum of N2. No correction for the dispersion of the spectrometer and the scattering losses of Auger electrons along the path from the target to the detector were applied to the spectrum because we were only interested in the energies of Auger electrons.
III. Results and Discussion
The maximum energy of the K Auger transitions of N2 can be calculated by Eq. (3) to be (366.3 + 0.5) eV. Here we have used £(K) = (409.8 ± 0.4) eV of Table 1 and the minimum appearance potential of N2 2+ of (43.5 ± 0.3)eV 4 . We prefer this value of E{K), because the photoelectron method measures the binding energy more directly than the method used by NAKAMURA et al. 15 (analysis of fine structure near the absorption edge). We determined the energy of maximum a in Fig. 3 to be (366.5 + 0.5) eV, thus the maximum a is due to Auger transitions with the ground state of N2 2+ as the final state.
The spectrum of Fig. 3 decomposes clearly into three groups which are marked by the hatched regions A and B and the maximum C. These three groups correspond to the final states given in (2 a), (2 b) and (2 c). From the potential energy curves of Fig. 1 it was possible to assign definite final states of the N2 2+ molecular ion to those Auger transitions of group A whidi appear as distinct maxima.
In Fig. 4 the Auger group A is shown on an enlarged scale. The hatched regions above the energy axis correspond to the energy regions of the potential curves of Fig. 1 within the Franck-Condon region. There is indeed good agreement between these predicted energy regions and the various Auger maxima. As a consequence of this we were able to assign definite states of N2 2+ to the maxima a , ß, 7, <5, and 99 of Fig. 4 (see Table 2 ). The experimental energies, given in Table 2 , correspond to the maxima of the Auger lines and are relative to the maximum a. In Table 2 Electron configurations (2 a A 2 /7 u is 16./4eV. Therefore the energy of the 0 -0 Auger transition of (7) is (383.5 ± 0.1) eV. This would demand that only transitions with Av = 0 and ± 1 will occur with considerable intensity.
The small maximum E in Fig. 3 is probably due to the autoionizing transitions Kls)" 1 (Tig 2p) 1 , ^J (og 2p) _1 , X (ag Is) 1 (Tig 2p) l , 1 ng\ + Auger electron.
(8)
The structure of the Auger spectrum around 376 eV is supposed to result from autoionizing transitions leading to highly excited electronic states of No + . The broad maximum at about 352 eV in In this investigation no fine structure of the Auger lines due to vibrational levels of N2 K+ and N2 2+ has been found. The main reason for this is the instrumental width of about 0.6 eV at energies of the Auger group A. In order to detect any vibrational structure the resolution of the spectrometer should be increased at least by a factor of two.
